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(54) Abstract Titte 

Providing local printing on a thin client 

(57) A print rendering server system in a networked 
computing environment performs many of the most 
computationally intensive tasks in the overall print 
process for a plurality of resource limited clients. In 
response to a print request'from a client, a print job in a 
print ready format is produced by the print server system 
and is then sent back for local printing at the resource 
limited client system. Also disclosed is a thin client 
running applications making print requests using graphics 
API calls and further comprising a device independent 
format (DIF) generator for generating a DIF datastream 
from the graphics API calls, and a DIF sender for routing 
the DIF datastream and printer information via a network 
to a print rendering server. The advantages of the 
invention are that it allows a thin client to remain of 
limited physical resources (memory, hard disk space, 
processing power etc.) without the need to process printer 
k spooling and control functions, or maintain locally a large 

set of resources (such as drivers) for different types of 
printer. 
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: PROVIDING LOCAL PRINTING ON A 'THIN CLIENT . t 

Technical Field of the Invention v ; - • 

The present invention relates to local printing in a resource 
limited cl ient ' system'. ■ :.*■••■•.-■ c v - .; . 

Background of the Invention 

The present invention generally relates to the field of a network 
of information handling systems Mbre particularly, it relates to a 
system and method for providing -print "support on a : connected system with 
limited resources, sometimes referred tfo herein as .a .thin client. 

It is well known to provide a printer coupled to a computer system 
as one means of providing a permanent record of the output of the 
computer system. However, as the number of printers with disparate 
interfaces as well' as the number of -different types .of document formats 
have grown, full printer support in a' typical ; computer : environment has 
become complex. ' The designers of computer and. pointer hardware and 
software have attempted to insulate the application developer from the 
complexities of the environment as well -as, device specif ic- attributes by 
the use of one of more printer drivers; while they have largely 
succeeded, the attendant demands of the printer drivers and associated 
software on system resources" have* grown" quit e -large . ■„ ... 

One of the recent efforts to decrease the cost of network computing 
is the development' of ' network computers 1 */ or other thin clients " . These 
devices are characterized by Timit'ed local. system resources and a greater 
dependency on larger systems in the network than the present day personal 
computer. ' ^ 'J ~ ...... . : 

' Providing "full funct ion local J priht; support-on *„a connected system 
with limited resources' is extremely difficult;. The large amounts of 
random access memorV ~ and * disk space tequi red,/ as well; as the needed 
processor "speed, complicate 1 the development :of network. - ( computers . A 
typical 'printer driver requires-'- one to two. megabytes r of disk- space simply 
to be installed. When the driver"* 7 i-s 'loaded along with the system 
components it requires; such as a spooling system,, raster - 
band ing/journa ling code, and 'a port "driver , the printer driver can 
consume large amounts of system memory designated for code space . When 
the driver is rendering a print job, the printer driver can use one to 
sixty- four megabytes of data memory to .rasterise the^ page. The 
techniques used to lower memory requirements such as banding complicate 
the dr iver and"' increase driver development • time . Also, .these . techniques 
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only trade processor and disk usage for memory usage, 'when the printer 
is in use, 'it is •ri^essary„ : :tp:.ri>r.oviidf ;4isJc spoiling. Depending on the 
size of the jobs, number of print jobs and printer languages used, the 
disk requirements of the spooling system. can. range from. a few megabytes 
to hundreds of megabytes. 

Clearly, these enormous requirements make providing reliable local 
print support on a thin or resource restricted client extraordinarily 
demanding. ; ^ .]':.-■ 

, : m -today's information handling, systems local printing from systems 
With limited, resources -is., either nonexistent., limited, complicated, or 
resource- intensive. One prior., solution is.*o not allow local printing on 
the thin client: This forces., users-, of ...these systems to use server 
printing or manually upload files to another system for printing. This 
method does not provide .-.the convenience of local printing. 

- Another prior .method . is., to . limit the scope and functionality of 
local printing, by- reducing the device support ,ta a single or few simple 
devic'esV limiting spooling ..and/or restricting print capabilities , e.g., 
only printing text. This.methpd is too. restrictive for general use. 

•-■ ' - The most common prior solution., has been 'to, increase the resources • 
on the thin clients that require local printing and render, the print file 
oh the client, much like ; the situation on a per sqnal computer attached to 
a network. This' method increases the, cost,, arid complexity of every 
system, defeating some of the cost saving benefits of network computing. 

' ' ■- Thus, -there rs a, need, to .provide" an economical , . full function local 
: print f unction in . a network computing, environmen^, . . . .. . ; 

Disclosure of the Inve ntion .!-:..;-:-.;• 

■ -Accordingly the present invention, provides, a method for local 
•~ printing- for a. resource limited... client system, comprising the steps of: 
at the client^ system, , receiving, a print. : request .f rom a resident 
'applicataoh-for.local-.pr.inting,;. sending the ..print request via a network 
to a Print- rendering server;; At, the, print rendering server, rendering the 
' print 'request - into a 'device dependent data. st ; ream; sending the device 
dependent data stream across the network to.„a .printer local to the client 
system;- and receiving , the device- dependent, data^ stream for printing at 
the- local printer .. • -r - '• • 

• According '-to a -second, aspect, -.the invention also, provides a print 
tendering servers-including processor,- memory and network connector 
comprising: means for receiving • a .device independent format datastream 



and printer* arid routing information via a -network from a requesting 
client system; a printer driver for rendering the device independent data 
stream into a device dependent.'. data; stream; and a-, ..print rquter.Jor 
sending the device dependent data stream across the network to a printer 
according' to- the routing information." ■ --. : 

According to a third'-- aspect - the invention .also, provides a 
resource limited client - system induding processor, memory .and network 
connector comprising: a plurality'of applications which. -per iodically make 
print requests by means of graphics API calls-; a dif, producer for 
generating a device independent format datastream from received graphics 
API calls; and a DIF sender^ for sending the - device independent format 
datastream and printer and routing information via<a network to a print 
rendering server. 

Further, according to the invention, such client and server systems 
may be combined in a computer network. 

Thus, by using a- print rendering server system to. perform many of 
th ; e most compute' intensive tasks in the overall print process, a print 
job in ~a print ready format is produced and- sent.,back for local printing 
by a resource limitied client system. ...-■•jf, . - 

■ The process begins at the client system, where a print, request is 
received' from 'a resident "application .for. local printing. The print 
request is £ent' via a- network 'to a print rendering- server-. At the print 
rendering server; the' -print request is rendered into . a print, job in a 
print re^dy format. The print job in the print -ready format is sent back 
across : the' network to a printer local- -to- -the- client system. . Thus, the 
print job is printed 'at the local printer without devoting significant 
system resources at 'the -thiri client to.a print subsystem. 

Brief Description of the Drawings 

The invention : wi II -how be' described; by. way- of example only, with 
reference to "a preferred'* embodiment 'thereof , : as illustrated- in the 
accompanying drawings, 1 in.. which: - . . 

FIG. i depicts^ a computer, system conf igured according to f the 
teachings- of ^ the present* invention; • :. - . - 

FIG. : 2 : is" a blocks diagram- of a prior art system- depict ing. some of 
the software used for printing; 

FIG. 3 is a block diagram of. a thin client and server configured 
according to "the present invention; and. 
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FIG. 4 is a flow '.diagram -pf.the-process of the present invention. 
Detailed Description -of ' the : invention. ■ . .. 

The invention may be run on a variety of computers or collection of 
computers under a number of different operating systems. The computer 
could be, for example, a hand. held> computing device, a network computer a 
personal -computer, a mini- computer mainframe .computer or a computer 
runn'-ihg^in' a distributed ,networ-k* : of = other computers . . Although the 
specif ic^chbice -of computer is limited only .-b>y ; processor, speed and disk 
storage -requirements, ' computers ..in -the. I BM^-, PC series of computers could 
be used'in-the present ^invention, , One- operating system which an IBM 
personal computer may run Is IBM's OS/2 warp, 4.0. In the alternative, 
the computer system might be in the IBM RISC System/6000 (TM) line of 
computers' which run on the AIX (TM) operating system. Other computers 
and -operating- systems^are known.. * . 

In FIG. 1, a computer 10, comprising a system unit 11, a keyboard 
■12*;- a mouse 13 and a display 14 .are. depicted g.n, block diagram form. ..The 
system^ unit 11 includes a system bus, or ; plurality of system buses 21 to 
which various components are coupled and ; by ;Which^ communication between 
the various components is accomplished.. The microprocessor 22 is 
connected to the system bus 21 and is supported by read only memory (ROM) 
23 "and random access memory '(.RAM) 2.4 also connected to system bus 21. A 
microprocessor in ; the - IBM PC series of computers is .one o.f the. Intel 
family of microprocessors-- including the -386, 486 or Pentium r . 
microprocessors. However, :other= micrQproqessors includi.ivg, l?ut not 
limited' -to", Motorola-s f amily of microprocessors suph as ..the .680^0 0 , 68020 
-or the -68030 microprocessors and various. Reduced ..Instruction . .$et Computer 
(RISC) microprocessors such as*, the PowerPC chip jrumu fact .ured by ; IBM. 
Other RISC chips -ma'de .by Hewlett Packard, ,S-un,- Motorola, and others may be 
used in the specific computer. 

The ROM 23 contains among other code the Basic Input-Output system 
(BIOS) which controls basic -.hardware, operations . such . as, the interaction 

• of • th^processor and- the. disk drives „, and ;; ,the, keyboard . T^RAM.24 is the 
main memory into which the opera tingj-sys tern and, application programs are 
loaded. The memory management chip 25 is connected to the system bus 21 

" and 1 controls direct -memory access-operations- including, passing data 
between the RAM 24 and hard disk, drive 2.6 and- floppy disk, drive 27. The 
CD ROM 32 also coupled to the system bus 21 is used to store a large 

* amount of 'data, e.gV, a" multimedia -pr.ogram^or presentation . 

Also connected to this system bus 21 are various I/O controllers: 
; The keyboard controller 28, the mouse controller ,29 the .video controller 
30, and the audio controller 3.1.- as might be. expected, the keyboard 



controller -28 provides the 'hardware : interface for the keyboard 12, the 
mouse controller- 29- provides Xhe' hardware-, interface for_mouse 13, the 
video controller 30 is • the hardware interf ace for the display :f 14 , and the 
audio "controller 31 is the hardware interface for the speakers- 15. An 
I/O controller : 4 0 such as a ; Token':Ring .Adapter-;. enables communication over 
*a : 'network 46' to other -similarly: conf igured;, data processing: systems. 

' One of the types of devices -which* would- benefit from 1 the invention 
"is a wireless device such as a- palmtop computer. While many of the 
components 'are similar" to those -described: above , f.orj a personal -computer , 
albeit smaller in sizfe -and capability/ these' devices, .are generally 
connected to a network by cellular or digital transmissions in the RF 
spectrum, rather than a coax or other type of cable. Other transmission 
means such as infrared or ultrasound are. known to the art, but less 
commonly used. Further, some:of these, devices lack input devices such as 
a- mouse and keyboard and possess others such- as, a. touchy sensitive input 
system. — 

One of the preferred implementations of. the.; invention is as sets of 
instructions r 48-52 resident in the. random access memory r 24- of one or more 
computer systems configured generally as de scribe d : . L aboye . ■ A Until 
required by the computer system, the set of instructions may be stored in 
another computer 'readable "memory; for example,.- in. the hard disk^ drive 26, 
or in a "removable memory such as an optical disk for eventual use in the 

•CD-ROM 32 ; or : in : a floppy disk for eventual us.e in- the- f loppy disk drive 
27 1* Further , : the set' of "instructions can be stored in ,t he., memory of 
another computer -and transmitted in..a computer, readable medium over a 
local area network J or a wide area network such .as the. .Internet, ,when 
desired by the user ; r - (Dne- skilled' in the art would appreciate, that the 
physical'" storage of the 1 sets' of instructions, physically changes : the 
medium' uporT which it : is stored electrically, -magnetically,- or chemically 
so that "the medium carries computer readable -information, r While it is 
convenient to describe the invention in terms of instructions, symbols, 
characters^ -or "the like; : the -reader- should. rremember- .that all of these and 
similar terms should '"be associated- with trie, appropriate physical 

'elements. : r ■* l\- ' . * O- v \ -!.,.:•' 

- : " * Further, the' invention is- of ten described rin-te.rms that could be 
associated with a : human operator', Whi-le;the,operatipns performed may be 
in response- to user input-, no "action by .a human operator is desirable in 
ahy- of the operations- described herein which - form -part- of .-the present 
"invention; the operations are 'machine operations ^processing electrical 
signals to generate other electrical signals . - ^ : - 

A representative configuration ,of •* a personal computer . is -shown in 
fig. 2. This configuration shows some of the major software modules used 



in- prior- art- printing^ niethodsv ..An ^application -76 makes a printing call 
to the- graphics/ API,. layer - 7 ,7 where the printing request is translated 
into a format* understood: by; the print subsystem 78. A representative 
format understood by: -/a* print subsystem .is the Graphics Object Content 
'Architecture ■ (GOCA) v supported/by • the OS/2 Warp operating system. In 
"-general, the - format .for .the., print -subsystem is unique, to each operating 
system. The print subsystem 78 creates, spools and schedules a print job 
for" the 'print.' request,.-;- ..-The.; print .job ' contains the information from the 
prints-request. The print subsystem 78 selects the correct. device driver 
79 for- the target .printer- 81.,: The device driver 79. .employs the. job and 
printer properties ^create, and-.. send a print job in a Print-Ready Format 
i: (PRF) to the printer-.. ■ r : * ■.■ \ v/j . 

- This prior ar^t .architecture is disadvantageous for a thin client. 
As discussed in the background, the * demands of the print subsystem 7 8 and 
printer drivers' 79 can be enormous,*.- particularly, if numerous complicated 
print jobs are to be printed. 

'"The present- invention; provides another .solution . : .By using a print 
'server* to~ create the -data streams for the -wide -variety -of the^printers in 
a- network', including :those attached to the • thin client,, the _ ma jpr demands 
of - l the print:' system are moved to the server, ; i: Thu$ , th<* reoccurring 
investment in each thin: .client for .print . support -.is limited. . f . : 

-Durirtg initialization, the. client or;ly queries the -print . system on 
the' server for default job and printer ;prgper.ties : bas i ed . ? on v the . device 
names for' the printersxatr initials setup and stores them locally .■ The 
"user can thert modify .these, proper t-Aes--, for .-.their -local printing .through a 
•%ser' Anterf acev During submissipnr of a print jpb, ..the .cl^^nt , sends the 
'job- -arid printer-properties along with :; a, device ^independent .print file and 
client routing information .to -the -server .for .trans format ion ; pf , the data 
into a device: dependent- :data stream, called, a print.:,ready format (PRF) . 



' 1 -The server- -transforms the ..device.- independent, print;,., file data for 
the -appropriate printer' device using-,:the .job and^ printer properties 
submitted with the . job and sends the data back to a small receiver on the 
client using the client routing information. For example, the client 
•routing ^ritorma'tion'can be "an internet I.B : address. ..The client paces off 
•the server"' when the sprinter -is busy: to^.a void, locals spooling and outputs 
the data ' to clie lodal printer . . :>;The client; system,allocates ..memory to 
: hold print 'data from the server.. '-.vThe. lamo.unt-pf - memory allocated at the 
"client is' configurable' *-> When 1 -the client, fijls- the, allocated memory with 
print data, the client- estops receiving data, from the server. until some or 
all of the data in the memory is printed on the local printer. The 
client then-resumes receiving.- da tas f rom ; the server. . 
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Referring" how to FIG. -3, ar- -thin-'cl'ienf 101 is coupled by a network 
: link 102 to -a print- rendering servers : 103-. --The network" .link -1.02 can be a 
hardware "link such as the cables ■ which^ 'comprise a -local area network, 
-e.^., token -ring- or^ethernet, ' or r an infrared-/ RF .or microwave link. A 
thin client 1 fbir the?" purposes of *- the-* invention -is -any network connected, 
even' temporarily} client'- system with : limited resources, or- resources 
wtilch the user does not choose-' to * be devoted to print tasks. — According 
to "the invention, a thin client 1 -101 may be preconf igufed • to* use' a primary 
print rendering : server 103 v or Search a 'global directory to locate a 
primary print rendering server. For the sake of simplicity, the normal 
protocol stacks, network adapters and so forth used in network 
communications are not depicted' although" one r'ski lied, -in the art would 
understand that they "would* also be present... 

In the thin client 101, a set of applications 106, 106', 106" are 
resident. The user- of the thin 'client can access xhese applications by 
means of the user interface of - the computer and cause an - application to 
issue one or more print requests.- The graphics API 107 - is. a-, set of 
commands available to the- applications for. drawing text or graphics. 



The" DIF producer - 109 is- a component .called by the graphics API 
layer 107 on the thin client that* generates- a device- independent format 
"(DIF) data 1 stream from the* graphic APIs called :by thej;applicatdons . An 
example : of a device independent" print file is a "Graphics - Object Content 
Architecture (GOCA) metaf ile. Information .on .GQC A can be. found in 
Graphics Programming Interface Programming Guide, Order No>- .G25H- 7106 - 00 , 
a publication of the IBM Corporation. 

The DIF producer * : 109 passes the DIF data stream to the DIF sender 
111. The DIF sender 111 sends the DIF data stream to a DIF server 123 at 
the print rendering server 103 . The DIF data stream is accompanied by 
the' job properties, printer properties/ and routing information for. the 
j ob'. ' - - ' • . :■: • „: 

- The- reader should note that the .registration . component 121 on the 
print rendering server 103 has. prior to.' the initiation of- c .t he -.print 
request registered ' device rendering-services with, a -global , directory 
service* using a protocol such as the Lightweight Directory Access 
Protocol (LDAP) . The XDAP directory service can. .be .used ^by; thin clients 
to find an appropriate server to perform print rendering services. The 
print rendering server 103 uses the directory service to advertise the 
printers and printer driver .which they support. .Possibly,- the- IP address 
can be used by the client to choose among- servers supporting- the desired 
print drivers for the most proximate print, rendering server . - 
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*: .The DIF server*. 12.3; accepts, the device, independent .format data 
stream and uses the- accompanying <:jcb .properties, printer properties, and 
routing information, to s.ubm it the job to the. print subsystem 125 to 
generate-a Print -Ready -Format* (PRF) data stream. The print subsystem 125 
is a device driver which .includes the components responsible for spooling 
and ^releasing print jobs. The printer.-, device drivers 127., 127', 127" are 
components on print rendering- ser y eir- /L0 3 capable of . generating , a 
Print-Ready Format (PRF)- da^a stream-; ; Examples of - printer device drivers 
would be PostScript, px:.:PCU, printer device drivers. : .. y z 

- The print, .router 12-9 is, a- component , on .the print rendering server 
103' which , sends the .Print- Ready- Formate ; ( PR data stream to. the 
destination specified in the routing; information of the submitted print 
job, e.g., back to the thin client 101. 

The- print . receiver • component 113 on the. thin client receives the 
print -Ready format -(PRF) data .stream and. sends it to a local.ly attached 
printer 105. The. print receiver component. 113 contains an allocated 
memory monitor so ^that- the. PRF- data, stream is received in- a controlled 
manner to avoid local spooling. In some embodiments of the current 
•invention the print .receiver may temporarily: store data on another 
system. In some^ embodiments ofvthe invention, the local printer is not 
actually - attached rto:. the .particular .thin client, .but may, ;be, -.attached to a 
nearby thin.'client ,or :a* printer directly., attached to the netwp.rk. in 
these cases , the rprint\rec^iver; i ;comppnent;- 1X3 K is not needed ,a.t ; the 
requesting' thin dient '104r; ;, l._tv * - • ~K,:rs> * - 

The process of printing a print job according to the present 
invention- is -further- detailed, wt&h reference _£q ; the ^flpw;, diagram of FIG. 

in" "-an application on -a thin client , f an end - user ; se3,ect3, a local 
printer, step 201, henceforth called- the "target printer", to print 
information on that printer. The application then issues Graphics API 
calls to draw -text -and graphics' ato print the -,inf pjrma,tion -on the target 
printer', step 203 / Example Graphics API calls. r f or OS/2 , are ... . . 
GpiCharStringAt ( ) .to. draw -.-text* amd^Gpi Polygons O- to ,<?raw polygons . 
r Example graphics -"API-* calls for a sJarca.- graphics .object , are drawCharacters 
-t6"draw>text'*and t drawPolygon;:tO'.:dr:aw polygons. ; , . - : . . , 

' ^ ■ -The DIF producer converts these calls into , a .Device- Independent 
Format (DIF) "in step- 205. Tri the preferred .embodiment, the conversion 
Between the - graphics > API -arid .the resultant. DIF command is done via code 
and a lookup-table used by. the DIF -producer-. .In step-207, ,the- DIF 
producer sends a print request in device independent format to a DIF 
Server. This print request contains: CI) print options selected by the 



user to print the information, efg '-number • of . copies and orientation, 
henceforth called "job properties"; (2) the make and model of. the target 
printer, henceforth called the "device id", e.g., n IBM Network Printer 
: 12 n ; (3) device options for the 'target printer., e.g.-, amount of printer 
: memdry, henceforth called "printer properties"; (4) routing. information 
that informs the server of ' the -address of - the • target printer ; -and (5) the 
device-* independent data," *i . e - the-'DIF ~f ile created from the/graphics API 
calls. The routing * information and printer properties are passed with a 
print job to a pririt rendering -server according, to a print protocol known 
to the' operating system.' An example of- a . protocol .could be a name-value 
pair such as: Protocol received by rendering' server. JOBNAME => Calendar 
Page, DATATYPE = DIF, ORIENTATION = PORTRAIT, ' MEMORY 4MB FORM = 
LETTER, ROUTE INFO = 9 . 53 , 255 > 255 ; 

In step 209, the -DIF server validates the print - request from the 
thin client and either rejects-or accepts the print request. -The DIF 
Server may reject the request 'if the ^DIF format is not supported or if 
the submitting client' does not have the authority to submit , jobs to the 
DIF Server. If either is the 'case, step 211, the DIF server rejects the 
request and serids the client -:a notice-of the rejections ... 

If the server accepts the request, in step 213 the server uses the 
device id to determine if it supports the target printer or if another 
DIF Server supports the target printer. If the server supports the 
target printer, it processes the request. Otherwise the - server will 
issue a searcli by attribute on a global- directory using a^protocol such 
as the Lightweight -Directory Access Protocol - <LDAP) . to find another DIF 
Server' that supports' the target printer; The server forwards . the print 
request to" ' that DIF Server , : step - 215 

The* DIF server that supports the target . printer then calls a print 
subsystem, step 217. The print subsystem creates,, spools and * schedules a 
print job for the print request - The print job. contains the „ information 
from the print request/ i . e'. job properties, printer, properties, routing 
information and DIF file. The print subsystem uses the device id to 
select the correct device driver -for the target printer, step 221. The 
device driver uses the job and printer properties to create and send a 
print job in a Print-Ready Format ( PRF) , step 223. The device driver 
sends the PRF job to the print router, step 225. The PRF contains the 
commands and the data that the target printer uses to print the job. 
Postscript is an example of a PRF. 

The print router uses the routing information in the print job to 
send the print job in the PRF to the print receiver on the thin client, 
step 227. The print receiver receives the print job with the PRF, step 



231. - Finally, the" • prints-receiver sends and prints the^job on .the target 
printer, step 233:.%' . .f •>.; ;■;••:*':,.. , . : .v.'..: . . . - 

By using- the relatively robust _ resources, available at the print 
rendering server for- the^mos^ compute and storage intensive .tasks, the 
resources at each network computer ...devoted to printing can be, limited. 
Yet . the /invention! alsov.ailows . the convenience of local . print ing, not 
available at most -pure-:, print server -based solutions,. , . The. invention 
is .very flexible.,. By.; passing routing -in format ion with print job to the 
print -rendering server, . the server, does not ..necessarily send, print ready 
format back to - the;, submitting than .-client to be printed f on a local 
printer ^attachedLto the^thin client or any. particular printer associated 
with the printer queue. Instead, : the routing information can T also point 
the print ready format to a different local computer, e.g., one attached 
•to an off ice maters, computer.. >The .invention can also send a document to a 
computer or printer in another location, much like facsimile. Further, 
the-PRF job --can.be sent directly ..to a printer attached to the network. 

is ~ known- to those .skilled in, thenar t, a printer .can be directly % 
attached . to a network with a network card having a network address, .such 
as an Internet' address. : To, send a print job -directly, to the printer, the 
PRF job is sent using routing information containing the printer's 
network address. — - • ."--v.:--.' ■; 

: ,The invention* f inds particular .application in a plurality. of 
network computers- .coupled .to ■ one or more, servers by.means of .an intranet. 

"In-such an -arrangement, , rather-, than-. the. .client files, being stored 
permanently in i the network . computer , the server ...contains the client.- 

images: --The ^client-images,, i.e-; the, software ..and profiles, of .each 
client network computer are. downloaded- -to,, the -client network computer at 
logon. This client image would contain the software modules in the thin 
client 101 as' shown-in.FIG,. 3,,.but need, not contain, all, of the printer 
software associated- with, the, customary printer subsystem, in a personal 

• computer, ^muchrof:. which is of f loaded to the seryer ; , Of . course , if all 
printing-from a- client. were accomplished on a, network printer . directly 
co*upled -to the. network/, * the print .receiver module., is not. needed in the 

• client -image; - Thusy-^downloadingv.of, the- client images .is., more efficient. 



CLAIMS, 



J A method for local printing for. a, , resource . limited client system, 
comprising the steps of: 

; * ' - "at the client 'system; -receiving a print request from a resident 
application 'for local printing;. - . - _ ....... 

sending the print request via a network to a print rendering 
'server;- ■' ""' ; ■' : \ - •' ; 

at the print rendering server, rendering the print request into a 
device dependent data stream; : 

sending the device dependent data stream across the network to a 
printer local to the client system; and t . 

receiving the device .dependent data stream fpr printing at the 
local printer. 

2. '"~-A method* as claimed in claim 1 -whereia the print request from the 
resident application is received as a set of graphics API calls and the 
method further comprises the step of converting the graphics API calls t 

: 'a device independent format at the. client, system, 

3. A method as claimed in claim 2 wherein the print request contains 
the print job in the device independent format, job properties, printer 
properties -and routing information.. . : 

4. A method as claimed rin .claim .3 -wherein the. routing information 
includes an address to a local printer not directly attached to the 
client "syst'emV - '' • ■ -- - 

5. a method as claimed in claim 4 wherein the local printer is 
directly 1 attached to the network. ■ - 

6. A method as claimed in any preceding claim wherein the print 
request sent: to- the print rendering server contains routing information 
with an address for the client system so that the receiving step is 
performed at the client system. 

1. -: A method as claimed iii any. preceding claim . further comprising the 
step of controlling the device dependent data stream to avoid local 
spooling at a receiving device. 
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8. A method as claimed in any preceding claim wherein the client 
system is connected to theT-. network by a wireless transmission means. 

9. A print rendering server including processor, memory and network 
connector comprising: - 

means' for receiving a device- independent .format : datastream and 
printer and routing information via^a - network .from a -requesting client 
system; 

a printer driver for rendering the device independent (jata stream 
into a device dependent data stream; and 

■ a print router for sending the device dependent data stream across 
the network to a printer according to the routing information. 

10. A server as claimed r in-claim 9' further comprising a set. of printer 
drivers each of which for rendering the device independent data stream to 
a device dependent data stream for a different printer. 

11. A server as claimed in either claim 9 or claim 10 wherein the 
printer information contains job properties and printer properties 
information. ~ * ----- ■ 

12. A server as claimed' in any one of "clalms.-9 ,to v .ll further comprising 
registration means for registering the server at a global directory 
service' in the' network. - •'■ • ' " '-' -" -' ' 

13 A server as claimed in claim 12 further comprising search means for 
searching a global directory service for another print rendering server 
" which supports' print -rehdering •••for. a desired printer,. ; , 

14. A resource limited client system including processor ...memory and 
network connector comprising: 

a plurality of applications' which periodically- make print requests 
by means of graphics API calls; 

' ' a bfr producer' for-' Venerating a device -independent format 

datastream from "received graphics API calls; and . .. . 

a DIF sender for sending the device independent format datastream 
' "and printer and touting' ^hf-ormation via^ a- network to a print rendering 
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15. A client system as claimed in claim 14 further comprising a print 
receiver for receiving a device de p end ej\t v dat a- stream from the print 
rendering server. \ ;* - ^ _ ; 

16. A client system as claimed in claim 15 further comprising a local 
printer for printing according to the device dependent data stream. 

17. A client system as claimed ih'claim "i'5 wherein* t^e' print ^'receiver 
further comprises controlling means for the device dependent data stream 
to avoid local spooling. ... . _ . . . " _ . 

18. A client system as claimed in any one of claims 14 to 17 wherein 
the network connector further comprising 'a ;• wireless transmission means 
for coupling the client system to. a- network . 

19 . A client system as claimed in "any " v one of claims .14 . to 17 wherein 
the client systems is a network computer characterized by having a client 
image containing a DIF producer and, a DIF sender downloaded by a server 
at connection to the network.- ... 

20. A computer network comprising a plurality _of resource limited 
client systems as- claimed in any>of claims 14 to 19 -'and 

a print rendering server as' claimed' in any of claims 9 ' to 13/ said 
server being connected to receive said device independent format data 
st ream"'*. and printer and routing* information f rom t one of -said client ; 
systems and being connected to send said device dependent data stream to 
a printer associated with one of said client systems. r \ . - 
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